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Abstract 
 
At an emergency situation a large number of matrixes can be contaminated and 
samples of these different matrixes will be colleted. These sample matrixes might 
be or often certainly are heterogeneous and in general more unevenly distributed 
than from nuclear test fallout or even the Chernobyl accident. On basis of the 
reported data conclusions and remedial actions causing social and economical 
costs for the society are taken. Therefore the number of samples from each site, 
their size and further homogenisations is of great importance. In the case of an 
emergency situation the activities are generally high and the errors due to count-
ing statistics are small. We could also imagine a situation when a certain nuclear 
enterprise/activity has to close down or being prosecuted, based on sampling 
and analysis, for not following directives of discarding radioactivity in the envi-
ronment. We therefore organized a seminar focusing on the above mentioned 
problems. 
The seminar covered several important topics such as an introduction to Theory 
of sampling (TOS), Lot heterogeneity and sampling in practice, Statistics for 
sampling in analytical chemistry, Representative mass reduction in sampling. 
Case studies were presented such as Sampling of heterogeneous bottom ash 
from municipal waste-incineration plants and Sampling and inventories at Thule 
Greenland, which also illustrated the difficulties with Plutonium Inventory Calcula-
tions in Sediments when Hot Particles were present. 
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Foreword 
At an emergency situation a large number of matrixes can be contaminated and 
samples of these different matrixes will be colleted. These sample matrixes might 
be or often certainly are heterogeneous and in general more unevenly distributed 
than from nuclear test fallout or even the Chernobyl accident. On basis of the 
reported data conclusions and remedial actions causing social and economical 
costs for the society are taken. Therefore the number of samples from each site, 
their size and further homogenisations is of great importance. In the case of an 
emergency situation the activities are generally high and the errors due to 
counting statistics are small. We could also imagine a situation when a certain 
nuclear enterprise/activity has to close down or being prosecuted, based on 
sampling and analysis, for not following directives of discarding radioactivity in 
the environment. 
It is not uncommon that it is the same person who makes the sampling, the 
sample preparation, the radiochemical separation, the subsequent 
measurements and the data analysis/conclusions. It is our feeling that especially 
the sampling part is given less attention compared to the other steps.  
The Theory Of Sampling is a description of all errors involved in sampling of 
heterogeneous material. Data analysis are often regarded as separate from 
analysis and especially separated from the process producing the sample, upon 
which depend both radiochemical analysis and/or measurement. Data are not 
separate entities, which can be dealt with alone-in fact data do not exist until after 
analysis has taken place. Someone has to assume the responsibility for 
obtaining representative samples prior to analysis. Without being representative 
in this first stage in the entire analytical chain, there is no way of ever evaluating 
the degree of sampling bias and sampling errors associated with the final result. 
Within radioecology the Theory of sampling has often not been applied as it 
should be or even neglected. 
From experience it is known that the sampling errors typically amount to 10-100, 
or even as much as 100-1000 times the specific analytical errors. The project has 
the aim to develop a Theory Of Sampling for the assessment of radioactivity 
under emergency situations. For this purpose Fundamental Sampling Principles 
must be given special attention. The sharing of efforts between sampling, 
radiochemical separation and/or measurement and data analysis must be better 
balanced. 
The theory of sampling has been better developed within other environmental 
sciences than radioecology. We hope to learn something from what is known in 
these fields and apply this on assessment of radioactive contamination. 
 3
We therefore organized a seminar focusing on the above mentioned problems 
the first year. On basis of the outcome from the seminar a proposal for practical 
work can be given. At the end the ultimate aim is to give recommended methods 
for sampling and sample preparations in emergency situations. This would also 
be useful for routine research in environmental radioactivity studies. For all 
students in Environmental Radioactivity, and other people performing sampling in 
general and under emergency situations a course in Theory of Sampling would 
be appropriate.  
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Theory of Sampling 
NKS Seminar, August 26, 2005. 
Risø, Denmark 
 
 
 
Agenda: 
 
10:00 - 10:30 Gathering and coffee 
 
10.30 – 12:00  Kim Esbensen. Theory of sampling (TOS)-an introduction: Lot 
heterogeneity and sampling in practice. 
 
12:00 – 12.45 Lars Petersen. Representative mass reduction in sampling. 
 
12.45 –13.45 Lunch 
 
13:45 – 14:30 Hans Møller. Sampling of heterogenous bottom ash from municipal 
waste-incineration plants. 
 
14:30 – 15:15 Bo Svensmark. Statistics for sampling in analytical chemistry. 
 
15:15 - 16:000 Mats Eriksson. Sampling and inventories at Thule Greenland. A case 
study. 
 
16:00 -16:30 Coffee 
 
16:30 – 17:00. General discussion 
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